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Light filling technology of cabin camera based on near infrared imaging

DING Jin-yan
(Fulscience Automotive Electronics Co. ,Ltd. ,Changchun 130000, China)

Abstract : The camera DMS and OMS in the car cabin identify the mental state,vital characteristics,and body expres-
sion of the occupants. In order to ensure the success rate of the algorithm recognition, there are certain requirements
for the brightness of the face or body in the image. In view of the feature of near infrared imaging requiring active light
source ,a technical scheme of near infrared light supplement for the camera in the car cabin is proposed. A calculation
model is established based on the theories of spatial flux distribution of infrared radiation source,near infrared charac-
teristics of human skin, refractive and reflective law of geometric optics, photoelectric conversion ability of Sensor,
etc. The relationship formula between the power of the fill light LED and the face brightness DN value in the image is
derived. In the data model, the formula is used to calculate the luminance DN value of the face captured in the image
after the 5.2 W near infrared supplementary light LED is used to fill the light. At the same time,a verification system
is set up for the camera inside the cabin. Through the analysis of the brightness DN value of the image data taken by
the test vehicle after the actual light filling, and the comparison with the theoretical calculation results, the error be-
tween the experimental results and the calculated results is less than =5 % ,which meets the algorithm requirements,
and verifies the feasibility of the technical scheme of near infrared light filling for the camera inside the cabin.
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Fig. 1 OMS camera configuration
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Fig. 2 Images without and after light filling
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Tab. 1 Parameters of the four-layer structure

model of skin tissue'”’

e n w,/cm ! w,/cm ! g d
FE | 1.55 35.0 480 0.79 | 0.0085
HEE | 1.55 2.7 187 0.81 | 0.1550
BEWIE | 1.45 0.2 20 0.80 | 0.5000
WA | 1.37 11.2 530 0.85 | 2.0000
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Fig. 3 Schematic diagram of light transmission inside

and outside skin tissue!”!
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Fig. 4 Relationship between skin reflectance and

wavelength of light
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Fig. 5 Fill light to imaging process model
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Tab. 2 IR-LED parameters table

SR {H
R0/ nm 940
BRI/ W 5.2
RIS % 25.77

RS/ () 150

%3 HEAEHK

Tab. 3 Lens parameters table

B fa
133.12 %3

ZHI

HFOV

W/ (%)
VFOV 108.46 =3

MIC R R H A%/ mm 6.7

T BB R

0. 904

% 4 Sensor B ¥ %k

Tab. 4 Sensor parameters table

i A
BRI
BEIN

ST

Pixel 3 pm X3 pm

1600 x 1300

Active Size

114 ke ™/ (uW + cm =2 - sec) @850 nm

RIGE

Sensitivity
54 ke /(pW - em ™2 - sec) @940 nm

=Ny 0. 1551 DN/e"~

Conversion Facto
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Fig. 6 IR-LED radiation intensity angle characteristic curve
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Fig. 7 Position relationship between IR-LED and occupant
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Tab. 5 Calculation results of DN for each

DN =

(3)

position in the cabin

e AL E DN
L 178. 4
A2 5 155. 1

FEYIEHE 86.7
25 5 HE 87.3
JEHE ] 90.2
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Fig. 8 Face DN of main driver
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Fig.9 Face DN of the co-pilot
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Fig. 10 Face DN in the back row of the main driver
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Fig. 11 Face DN of the back row of the co-pilot
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Fig. 12 Face DN in the middle of the back row
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Tab. 6 Comparison table of calculated
DN and test DN

3fe b3 oL 15 DN S DN B2/ %
F 2 178. 4 180.3 -1.05
2 155.1 150.3 3.2
g HE 86.7 85.6 1.29
)25 30 A 87.3 89 -1.91
Je HEh ] 90.2 94.2 -4.25

&7 FAZWIE DN 504K DN &
Tab.7 Comparison table of calculated DN

and test DN
T L 143 DN S DN R2E/ %
Bt 173.0 175.9 -1.68
Fll2 151.6 149. 8 1.19
T2 5 HE 86.5 85.3 1.39
I S HE 79.8 80. 1 -0.38
SEHErhTA] 99.5 103.2 -3.72

%8 ZFAZ T E DN 53K DN xf th &
Tab. 8 Comparison table of calculated DN

and test DN
T 3 115 DN S DN R/ %
2 5 HE 163.2 161.9 0.797
% e HE 150.7 144. 8 3.92
Je HEH ] 165. 1 168.7 -2.18
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